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Countries all over the world are experiencing the 
consequences of urbanization. Currently, 55% of the 
world’s population lives in urban areas. It is expected 
that this will increase to 68% in 2050. Urbanization 
comes with several problems and challenges asking 
for a sustainable transition; the mobility sector is 
one of the most urgent and problematic examples. 
Carbon emissions, poor air quality, fuel costs, 
congestion, noise pollution and transport poverty 
are contemporary problems, which will become 
worse if mobility systems do not change. 

In this research, the Brainport Smart District (BSD) 
in the Netherlands is used to investigate how 
a suburban district could contribute to a more 
sustainable mobility system. The Netherlands is 
one of the countries which has to deal with urgent 
challenges. Calculations show enormous mobility 
problems by the year of 2030. This research is 
focused on how technical innovations (Smart) 
and the spatial planning (District) of the BSD can 
reduce travel needs, encourage more sustainable 
modalities and improve existing modes. 

The site of the district is located at the edge of the 
municipality of Helmond, between the highway 
and railway which are connecting Helmond to 
Eindhoven. Both infrastructures provide a high 
potential in good mobility access, but isolate the 
site at the same time. The foundation of the BSD 
wants to create a suburban environment where 
new technologies can be tested concerning 
transportation, health, energy and circular 
construction. The district which will be created 
should be inclusive and become a district for 
everybody. The residents should become the most 
mobile people in the world while also having the 
lowest car possession in the world. These are 
interesting goals, since earlier built suburbs are often 
low rise environments with high car possessions 
and mainly the domain of families with children.

The high ambitions of the district combined with 
the urgency of challenges of mobility makes the BSD 
an interesting test case for future suburban districts. 
How could a suburban Smart District contribute to 
a more sustainable modal split?

A literature review shows which mobility 
innovations and design principles will have a 
positive influence on a more sustainable modal 
split. This literature review is followed by the 
application of these innovations and principles to 
understand the potential for a sustainable modal 
split implementation in the case of the BSD and 
its surrounding region. The application of these 
innovations and principles exists of a spatial 
analysis of the regional and local level and some 
demographic projections. The results of the spatial 
analysis and demographic projects lead to several 
implications for design. 

Conclusion of the research is that in order to create 
a suburban district that contributes to a more 
sustainable modal split, compactness and good 
connections on a regional scale are important. 
A district which is characterized by an urban 
high density, a human scale, a green and car-free 
environment and good connections will have the 
most positive influence on a more sustainable modal 
split and will be a pleasant living environment for 
everybody.

The research outcomes shows that the UN 
Studio master plan of the BSD does not meet 
the requirements to be able to encourage more 
sustainable mobility. Therefore, a new design for 
the BSD is proposed in this report, which follows the 
design implications and principles of the research 
outcomes. A compact living environment is created 
that is connected to its direct surroundings by using 
the historic ribbon as a slow traffic network. The 
ribbons are one of the four main design elements. 
The other three elements are the urban grid, green 
transit boulevard and the ‘Feel the BSD route’. 
These elements together provide a green and well 
connected high density urban living environment 
that is likely to attract all types of socio-demographic 
groups. The location of different housing typologies, 
offices and facilities is based on more specific 
needs and conditions. This thesis ends with an 
overview of the master plan of the BSD, showing 
all the highlights and elements which will provide 
a suburb with a more sustainable modal split and 
pleasant living environment for everybody.
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Countries all over the world are experiencing the 
consequences of urbanization. Currently, 55% 
of the world’s population lives in urban areas. It 
is expected that this will increase to 68% in 2050. 
Urbanization comes with several problems and 
challenges concerning housing, mobility, energy 
systems and other infrastructure, asking for a 
sustainable transition (UN, 2018). Sustainable 
transition is defined as creating systems which meet 
the needs of the present without compromising on 
future generations, taking care of environmental, 
economic and human aspects (CBS, 2019). 

The mobility sector is one of most the urgent and 
problematic examples. Most of the current mobility 
problems relate to environmental, economic and 
human aspects: carbon emissions, air quality, fuel 
costs, congestion, noise pollution and transport 
poverty (Lam & Head, 2012) (CBS, 2018). The 
transition to more sustainable mobility is often 
based on three pillars: reducing travel needs (Avoid), 
switching to public transport and active modes 
(Shift) and improving existing motor vehicles 
(Improve) (World Bank, 2014).

The Netherlands is one of the countries which has 
to deal with challenges regarding mobility. The 
country is one of Europe’s most densely populated 
countries (The World Bank, 2018). Many people 
living in small area leads to a large amount of 
movements within a small area resulting in several 
problems and challenges. The expectation is a 
significant increase in population density of the 
Netherlands, resulting in even more trips (CBS, 
2018). According to the Dutch Mobiliteitsalliantie, 
the country will face enormous mobility problems 
by 2030 (Mobiliteitsalliantie, 2019). A transition and 
investments are needed to prevent those problems. 

A Smart City development in The Netherlands, 
which is facing among other things the mobility 
challenges, is the Brainport Smart District (BSD). 
Smart Cities are urban developments challenging 
sustainability by the use of technology (Höjer 
& Wangel, 2014) (Albino et al, 2015). The BSD is 
located in the Brainport region, part of the province 
of Brabant which is in the top of the list concerning 

traffic deaths (CBS, 2018). Congestion is a problem 
as well, as the province is relatively dependent on car 
usage (Province of North Brabant, 2017). Moreover, 
the future district is located between a highway and 
a railway track, causing noise and air pollution (Atlas 
leefomgeving, 2016). 

The future suburban district is located between 
Helmond and Eindhoven in the Brainport 
metropolitan area. Foundation BSD aims to create 
the smartest district in the world. A suburban 
environment will be created where new technologies 
can be tested concerning transportation, health, 
energy and circular constructions. An important 
divergence compared to earlier built suburban 
district is that the BSD wants to be a district 
for everybody.  and not mainly for families. For 
transportation, the goals of the BSD are: make car 
use unnecessary, make the BSD inhabitants the 
most mobile people in the world and reach car 
possession of less than 0,2 per household (Brainport 
Smart District, 2018). Goals which are really 
ambitious since earlier built suburbs are often the 
domain for families with children, which are in such 
an environment often dependent on their cars. The 
modal split of Helmond shows even a high share of 
car use for the whole municipality. Modal split is the 
share of trips that is done by each mobility mode 
(Santos et al, 2013). 

How could a suburban Smart District 
contribute to a more sustainable 
modal split? 

The combination of high ambitions of the district 
combined with the urgency of challenges makes 
the BSD an interesting test case for future suburban 
districts. How could a suburban Smart District 
contribute to a more sustainable modal split? This 
research investigates how technical innovations 
(Smart) and the spatial planning (District) of the 
BSD can reduce travel needs, encourage more 
sustainable modalities and improve existing modes.

INTRODUCTION
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Land use and transport systems are directly 
connected to each other. The question is how do 
they relate to each other? Is land use influencing the 
development of transport systems or is it the other 
way around? In 1999, Wegener and Fürst came 
up with an answer on that question: it is a mutual 
influence. They mapped the relations between land 
use and transport systems in the so called ‘Transport 
land use feedback cycle’ (Wegener & Fürst, 1999; 
figure 1.).
 
The availability of transport systems have direct 
influence on the accessibility of locations, which 
will have a much slower influence on the land use 
on these locations. The land use co-determines the 
places for people’s activities: live, work, recreate 
etc. Those activities will lead to movements, 
which will slowly be captured by the transport 
systems. From here the cycle will start over again. 
As the land use and transport systems are mutually 
influencing each other, the availability of transport 
system is not the only starting point of the cycle. 
Land use could be the starting point as well.

Although the cycle explains the mutual influence 
between land use and transport systems, the cycle 
is not closed. Other factors have influence as well. 
For example, strong mobility policy has direct 
influence on the availability of transport systems 
(Bertolini, 2017).

A suburban ‘smart’ district could influence the 
Transport land use feedback-cycle in several ways. 
For this research, the focus is on technological 
innovations and spatial planning. Technological 
innovations could directly make the transport 
system more sustainable. Spatial planning could 
change land use and activities, which would 
indirectly also lead to a more sustainable transport 
system.

Figure  1.  Transport land-use feedback cycle. 
The relation between transport and land use is shown 

THEORETICAL FRAMEWORK
Mobility innovations
At the moment, there are several technological 
innovations finding its way in the mobility sector. 
Some of those innovations will have a large impact 
on the way we move in the future, others will have 
less. In 2017, Nikitas et al created an overview of 
mobility innovations that may dictate the future 
of mobility. Some of these innovations encourage 
people in the shift towards more sustainable 
modalities. Others make existing, less sustainable, 
modalities more efficient. In the coming part it 
is investigated how mobility innovations could 
contribute towards a more sustainable transport 
system.

Firstly, the Electric two-wheeler; which have a larger 
range than traditional bikes. This results in more 
intermediate distance trips which could be done by 
an active travel mode. Dutch research shows as well 
that the introduction of the Electric two-wheeler led 
to an improvement of bicycle use under elderly (KiM, 
2017). A larger share of the population using bicycles 
for more distances results in a positive effect on the 
sustainability of our mobility system. Congestion, 
local emissions and noise will decrease and people’s 
physical activity will increase. An important safety 
aspect that has to be taken into account is that the 
introduction of Electric two-wheelers also led to 
an increase in bicycle accidents in the Netherlands 
(NRC, 2018). Important conditions for the successful 
implication of electric two-wheelers is a well-
connected bicycle network and the availability of 
supervised bicycle parking. Research shows that 
travelers prefer having supervised bicycle parking 
(Musch et al, 2018). Lack of supervision on traveler’s 
e-bikes could be a reason to choose for other, less 
sustainable, transport modes. 

Another mobility innovation that is already finding 
its way is the Battery Electric Vehicle (BEV). BEVs 
have no local emissions and are more silent. 
Therefore, introducing BEVs would solve some of 
the sustainability problems but definitely not all of 
them. The Netherlands Environmental Assessment 
Agency (PBL) anticipates that car possession will 
decrease due to high purchase costs. The PBL expects 
that each individual vehicle will be used more 

considering electricity is cheaper than fossil fuels 
(PBL, 2012). The PBL expects 10% to 20% decrease 
in vehicles depending on the division between 
purchase costs and fuel costs. The total amount 
of kilometers driven is expected be between an 
increase of -5% to 10%. In Norway, the government 
subsidized a considerable amount on the purchase 
of BEVs. The low purchase and electricity costs 
made driving an electric car so cheap that it lead 
to more driving at the expense of public transport 
and cycling (Nikilas et al, 2017). Subsequently, the 
congestion on highways increased even more. 
Higher purchase cost of the electric vehicles could 
also lead to more transport poverty. A solution for 
both the increase in driven kilometers and transport 
poverty could be the shared electric car. 

Car-sharing in particular will affect car usage. The 
costs of using a car is more noticeable for the users 
of car-sharing. Car-sharing is often not directly 
available to people’s doors and car-sharing requires 
more planning. As a result, public transport and 
walking/cycling becomes increasingly attractive 
and the usage of the car would decrease. Therefore, 
a combination of BEVs and Shared cars would 
have a strong positive influence on sustainability. 
An additional advantage is the smaller amount of 
parking spots needed in public space, providing 
more land free to use for different purposes. 

An interesting innovation in public transport is Bus 
Rapid Transit (BRT), a public transport mode which 
has proven to be successful in implementing mass 
transportation quickly at low costs compared to 
traditional public transport systems like light rails 
and subways (Nikilas et al, 2017). State-of-the-art 
busses and high-quality stops providing a rail-like 
experience. Dedicated bus lanes and pre-board fare 
collection increasing the speed of the bus services. 
BRT could attract more people to use public 
transport due to higher quality, speed, frequency, 
better brand identity and information. 

Areas which would normally be not profitable 
enough to be connected to mass transportation, 
could be connected by the cheaper alternative 
BRT. As a result, less transportation poverty is seen 
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in outlying areas. Often electric vehicles are used 
for the BRT services, which results in less local 
emissions and noise. All benefits contributing to 
more sustainable mobility. 

The most direct visible spatial consequences of BRT 
are the dedicated bus lanes and high quality bus 
stops. On the longer term the BRT system will also 
have its effect on the land use around the system. 
BRT stimulates Transit Oriented Development 
(TOD). For TOD, the public transport network in an 
urban area is used to support urban development. 
Living environments centered on transit stops are 
characterized by high densities, mixed land use and 
the human scale (Dittmar & Ohland, 2004). 

Mobility as a Service (MaaS), is not a new or 
transformed mode of mobility. It is an innovation 
which changes the use of our current mobility 
modes. MaaS provides an alteration from privately 
owned vehicles to mobility used as a service. 
Applications bring accessibility and journey 
information together of several mobility services. 
Such services are public transport, taxis, shared 
vehicles and in the future even autonomous 
vehicles. The primary challenge concerning MaaS 
is the cooperation between different parties, public 
and private (Nikitas et al, 2017).

Shared Use Mobility (SUM) are different kind of 
services which change the way we move around. As 
the name suggest, SUM defines as sharing a vehicle 
with more individuals. The shift from privately 
owning a vehicle to having access is challenging 
the way we traditionally move. Shared use mobility 
modes can be distinguished in: bike-sharing, car-
sharing, scooter-sharing, personal vehicle-sharing, 
ride-sourcing and ride sharing (Nikitas et al, 2017).

Although MaaS and SUM will not have a direct 
positive effect on health, environment and economy, 
it definitely has several advantages. Vehicles are 
more effectively and flexibly used. Moreover, there 
is more independency for people who can’t afford 
a private vehicle and it provides better first- and 
last-mile solutions. This could indirectly lead to a 
decrease of traffic congestion and CO2 emissions.

SUM could provide a wider range of mobility choices, 
which might lead to a decrease in the amount of 
vehicles owned. Providing better first- and last-mile 
solutions could also make public transport more 
attractive for destinations lacking a good public 
transport connection. Car-sharing at companies 
makes it more attractive to commute without car, 
workers could use car-sharing to do business trips 
from work. 

However, research done in Oslo shows some 
concerns as well. If not well applied, MaaS and SUM 
could compete to traditional public transport which 
would only increase the total amount of driven 
kilometers by vehicles. Therefore, they advise that 
public transport should be the core and MaaS and 
SUM should only support in the first and last mile 
(PTV Group, 2019) (OVMagazine, 2019). 

MaaS & SUM could contribute to better first and 
last mile options in the suburban neighborhoods. 
In areas where traditional public transport isn’t 
profitable SUM could replace it in several ways. An 
example could be on-demand public transport. 
SUM could also be of additional value in areas with 
good public transport. Different types of vehicles are 
available to use for different purposes. For example 
the use of a cargo bike to do groceries without the 
need to own one.

Probably the most innovative development in the 
mobility sector are autonomous and connected 
vehicles (ACVs). ACVs are (partly) self-driven cars 
providing real-time information about road traffic 
conditions (Nikitas et al, 2017). Experts define five 
stages of autonomous and connected vehicles. In 
2019, the pioneering ACVs on the consumer market 
are in between the second and the third stage. BMW 
(car manufacturer) expects third stage vehicles 
entering the consumer market 2021 (BMW, 2019)

ACVs have an enormous potential in transforming 
urban development and will have spatial, economic, 
social and mobility impacts. It is expected that 
ACVs will have positive influence on traffic accident 
rates, congestion, capacity and environmental 
impacts. Knowing that a lot of safety and privacy 

challenges will have to be managed (Nikitas et al, 
2015). Experiencing the positive effects of ACVs 
will probably not occur before the fifth stage. 
Considering ACVs will take several decades to 
achieve the fifth stage, other sustainable modalities 
should have the focus.

Land use
The physical built environment affects modal choice. 
According to the meta-analysis done by Ewing and 
Cervero, there are 7Ds of built environment affecting 
modal choice: density, diversity, design, distance to 
public transport, destination accessibility, demand 
management and demographics. A good spatial 
planning could indirectly decrease the physical 
need of people to travel and also stimulate more 
sustainable modalities as public transport and 
active travel modes. In the coming part is shown 
how spatial planning could contribute towards 
more sustainable mobility.

The shape of the built environment (of urban 
form and land use) has direct influence on modal 
split of an urban area. Urban form that enhances 
walkability enlarges the share of sustainable 
transport in the modal split. Many studies focused 
on the influence of density, diversity and design, 
which are considered as the traditional three Ds 
influencing walkability (Ewing & Cervero, 2010). 
Handy et al’s study used clear definitions for density, 
connectivity/ permeability and land use to measure 
them. Density is ‘the amount of activity in an area’. 
Connectivity/ permeability (design) is the ‘directness 
and availability of alternative routes in an area’. 
Land use in the context of density measurements 
is the ‘proximity of different land uses’ (Handy 
et al, 2002). The combination of mixed land use, 
high density, and high connected and permeable 
network strongly influences walkability in a positive 
manner. For example, a high density area which is 
mono functional and has a low street connectivity 
is not much more walkable than the same area 
with a low density. (Ewing & Cervero, 2010). To have 
the strongest effect on more sustainable mobility, 
the neighborhood should score well on all of the 
three Ds.

Fitzsimons studied the topic as well and reviewed 27 
books and scientific papers and classified elements 
of walkability in two main categories: functional 
environment and streetscape. The functional 
environment consist of elements structuring the 
city and can be distinguished similar to the three 
Ds. Streetscape are the visual elements influencing 
walkability. Buildings, roads, green spaces and street 
furniture creates the identity of a place. Five subtitles 
are classified for the influence of streetscape on 
walkability: sense of place, (social) safety, comfort, 
interest and legibility (Fitzsimons, 2013).

Sense of place describes the way how we feel 
connected to places. Such connections are 
expressed in different dimensions of life: emotions, 
stories, personal experiences etc. (Basso, 1996). 
Historic places have a higher sense of place in 
contrast to new places.

Social safety is the measure of how safe you feel 
and are. In her book ‘The Death and Life of Great 
American Cities’, Jane Jacobs writes about her 
theory: ‘Eyes on the Street’. She states that eyes 
contribute to safety. Jane Jacobs was a city 
activist who lived in the second half of the 20th 
century. Her pleadings for mixed neighborhoods 
and contradiction against highways in these 
neighborhoods made her famous. She states that 
the presence of people on the street and people 
watching the street help creating safety. Important 
factors she mentions are: high density, mix 
used, orientation on streets, clear public/ private 
separation, human scale and presence of users of 
the sidewalks (Jacobs, 1961).

The availability of public transport has a direct 
impact on the modal share. Living close to transit 
has direct impact on the modal choice of people 
(Ewing & Cervero, 2010). 

According to Dutch knowledge institute for 
infrastructure (CROW) the maximum acceptable 
walking distance to BRT and local busses is 450 meters 
and the maximum acceptable walking distance to 
train stations is 1000 meter (CROW, 2004). Dutch 
Railways (NS) even claims that every 500 meter the 
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train station becomes half as attractive (Van der Bijl 
et al, 2010). New developments should therefore be 
oriented on public transport and provide access to 
public transport within acceptable distances.

Destination accessibility (DA) is the reachability of 
activities or facilities. The DA can be divided in local 
and regional accessibility. Regional is either the 
distance to the closest cluster of activities/ facilities 
or the amount of activities/ facilities within a certain 
distance. Local accessibility is the distance to the 
closest activity/ facility (Ewing & Cervero, 2010).

Research done by Handy in 1993 illustrated that 
people with low local and regional accessibility 
have a higher average trip distance and the same 
frequency as people with higher accessibility. This 
suggests that people with lower accessibility make 
more travel kilometers. Furthermore, Handy showed 
a relation between local and regional accessibility; 
local accessibility is important when the regional 
accessibility is low and vice versa. It is assumable 
that car usage will be reduced when investments 
are done in local and regional accessibility (Handy, 
1993).

The management of demand is any action aimed on 
influencing travel behaviour or reducing congestion, 
affecting the modal split as well. According to 
Meyer, demand management can be distinguished 
in two contexts: location specific (parking costs, 
rideshare programs etc.) and regional demand 
management (growth management, flexible 
working times etc.) (Meyer, 1999). If people are 
aware of the lack of parking or high parking prices 
at a specific destination, the more likely they are to 
travel without a car. When people are facilitated and 
attracted to commute outside rush hours, decrease 
in congestion is likely to occur.

An example of demand management in suburban 
neighborhoods is Vauban. The suburb of Freiburg 
(Germany) is world’s most successful example. Only 
30 percent of the households own a car. Residents 
of the neighborhood had to become a member of 
the ‘car-free’ living association. An association that 
supports sustainable transport modes as well by 

offering shared cars and giving discount on public 
transport tickets. If residents choose to own a car 
later, 15.000 euros should be paid to get a parking 
place. Aside from the financial separation of living 
and parking, both are also spatially separated. 
Parking is only allowed in build-up parking 
garages and the main street. Creating a car-free 
neighborhood also leads to a release of space, 
which would normally have been used by cars. 
Research done in The Netherlands show that, on 
average, 55% of public spaces is reserved for cars 
(Milikowski, 2018).

According to Dell’Olio et al, the most important 
factors for modal choice are: travel time, costs 
and comfort (Dell’Ollio, 2011). However, research 
shows that social-demographic characteristics 
have influence on modal choice of people (Müsch 
et al, 2018). For example, costs will have less value 
for transport in a wealthy area. Age, social class 
and gender are the most closely related to modal 
choice regarding demographic characteristics. 
(Limtanakool et al, 2005).  

The most direct influence on the demographic 
characteristics in a neighborhood is the type of 
living environment (De Zeeuw & Drost, 2016). In 
general can be stated that most demographic 
groups have their own preferred type of living 
environment. An example is that highly educated 
young people prefer to live in urban-centers, having 
good access to many different types of facilities. 
Living environments in Dutch cities could be mainly 
divided in 3 categories: urban-centers, urban and 
green-urban (ABF, 2012).

Thus, when designing a neighborhood, it is 
important to keep in mind which living environment 
will be created and who is going to live there. The 
social-demographics of those people will have 
influence on their activities and modal choice.

Recommended Mobility Innovations & Design 
Principles
It can be concluded that, if well implemented, 
the following mobility innovations and design 
principles will lead to a more sustainable modal 
split (table 1.).

What follows is the application of these innovations 
and principles to understand the potential for a 
sustainable modal split implementation in the case 
of the BSD and its surrounding region.

Mixed land use
- High proximity of mixed land use leads to better 

walkability 
- Mixed land use also positively influences the the 

transit system

Human scale
- A pedestrian or cyclist will feel more comfortable 

and safe when moving through a human 
scaled area

Preserve sense of place
- The emotional connection to a place, which has 

shown to have a positive influence on 
walkability and bikeability 

Transit Oriented Development
- Developments on a short distance from transit 

increase the effectiveness of existing and new 
transit systems

High density
- High amount of activities in an area leads to 

walkability and bikeability
- High articulated densities around transit will 

increase effectiveness of the transit system

Well connected 
- Good access to existing destinations is important. 

Connections to existing destinations / 
infrastructure are needed

Car <> Living
- Lack of close parkings creates awareness, which 

lead to the use of other modes than the car

High street connectivity
- High connected routes will give pedestrians and 

cyclist more options. Resulting  in an 
attractive area for walking and cycling. 

Comfortable and permeable
- Broad sidewalks, bicycle paths and few crossings 

with other modalities has strong positive 
influence on slow modes.

Shared BEVs replacing traditional car 
- BEV providse zero local emission vehicles
- Shared cars lead to lower car use
- Less public space needed for parking

BRT & MaaS to support transit
- BRT is an affordable solution proving high quality 

bus services to more areas
- MaaS is a handy solution enhancing first and last 

mile solutions

E bikes and SUM to support slow modes
- E bikes creates more bikeable distances for a 

higher share of the populations
- SUM will provide bikes for different purposes, for 

example cargo bikes or mountain bikes

Mobility innovations

Design principles

Table  1.  Mobility innovations & design principles
If well implemented, these innovations and design 

principles will lead to a more sustainable modal split
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The Brainport Smart District (BSD) is a suburban 
expansion district located in the city of Helmond. 
Helmond is part of the Metropolitan Region 
Eindhoven, a region in the province of North-Brabant 
(NL). In the past, the employment opportunities 
were dependent on the factories of companies 
like Philips and DAF. Back in the 90s, DAF almost 
went bankrupt and Philips moved its factories to 
countries with lower wages. The latter was a doom 
scenario for the city, which led to a partnership 
between local governments, companies and 
knowledge institutions. Brainport Eindhoven is the 
name for the partnership which has a strong focus 
on technology, design and knowledge (Brainport, 
2019). The partnership saved the region from an 
economic crisis in the 90s and became the strongest 
Dutch economy in 2018 (CBS, 2018). In 2016, the 
Dutch national government named the Brainport 
region as the third mainport alongside Airport 
Amsterdam and Seaport Rotterdam. Mainport is 
a term the Dutch government uses and defines 
as a national important region which compete 
internationally.

Being able to compete on an international level 
comes with several challenges and opportunities. 
One of most important challenges in the Brainport 
region is the lagging business climate. Better 
regional, national and international accessibility 
is needed to create a better business climate 
(Brainport, 2018). An urgent challenge in the region 
is the construction of 27.000 dwellings until 2023 
(Ministerie BZK, 2019).

Two recent projects responded to these challenges, 
namely Eindhoven Internationale Knoop XL and 
ZO Slim Bereikbaar. Eindhoven Internationale 
Knoop XL is an urban redevelopment project of 
the central station area of Eindhoven, containing 
the construction of 10.000 new dwellings and the 
expansion of the bus terminal and train station. 
Those expansions are required to facilitate the 
increasing number of bus journeys in the region 
and the future international train to Düsseldorf 
(Gemeente Eindhoven, 2017). ZO Slim Bereikbaar is 
an initiative to improve accessibility in the region, 
solving traffic flow and quality-of-life problems 

in the cores and periphery. Concrete examples of 
interventions are new bicycle highways, higher 
local train frequencies and the support of smart 
mobility initiatives (MRE, 2018).

Brainport Smart District
Helmond is the second largest city in the Brainport 
region. The railway track located in the city provided 
a strong linear urban development in the past. The 
city has four train stations, which is relatively on the 
high end for a relatively small city. Eindhoven, which 
is almost three times larger, has two train stations. 
Although the urban development of Helmond has 
strongly focused on its railway, the modal split of 
almost every destination type contains a high share 
of car use (Gemeente Helmond, 2012; figure 2.). 
Even though most of the destinations of people’s 
daily urban systems are within the urban area. 

The largest part of jobs of the residents of Helmond 
is within the urban area. 80% percent of the people 
living in Helmond works within the urban area 
(Helmond, 2016; figure 3.). 

Figure 3.  Live and work municipality 
A high percentage of people works and lives in the urban area

Figure 2.  Modal split Helmond
The modal split shows a high share of car use

CASE: BRAINPORT SMART DISTRICT, HELMOND
The train station built last is Helmond Brandevoort. 
The train station was developed at the same time 
as the corresponding Brandevoort neighborhood. 
Brandevoort was one of designated Vinex locations. 
Those locations were designated as suburban 
expansions in the Dutch policy document Vierde 
Nota Ruimtelijk Ordening Extra (VROM, 1993).

Originally, the Brandevoort masterplan existed 
of a Southern and a Northern part of the railway. 
Currently, the Southern part is almost completed. 
However, the plans for the Northern part have 
changed. The Northern area will be developed 
as the Brainport Smart District. The BSD intends 
to become the smartest district in the world. A 
suburban environment will be created where 
new technologies can be tested, concerning 
transportation, health, energy and circular 
constructions (Brainport Smart District, 2018). 

The Brainport Smart District is located between a 
railway track and a busy highway, which are causing 
noise and local air pollution (figure 4.). Furthermore, 
the highway has a key role in regional accessibility as 
it is part of the ‘Bundelroute’. The latter is a bundle of 
roads which should solve the congestion problems 
that exist within the area Eindhoven, Helmond and 
Laarbeek (MRE, 2018)

The BSD wants to become an inclusive district. The 
future residents of the BSD should exist out of people 
of all different types of socio-demographic groups 
(Brainport Smart District, 2018). This is in contrast 
to the adjacent neighborhood Brandevoort, which 
contains mainly relative wealthy families (CBS, 
2019). 

Goals of the district concerning mobility are making 
car use unnecessary, making the BSD inhabitants 
the most mobile people in the world and reach 
a car possession of less than 0,2 per household 
(Brainport Smart District, 2018). The goals of the BSD 
concerning mobility are ambitious, definitely for a 
suburb of a city with the modal split of Helmond. 
The number of car possession in the suburban 
neighborhood next to the Brainport Smart District 
is 1-1,5 car per household (CBS, 2019). However, 
daily problems concerning mobility in the region 
show that the challenges of the BSD could be 
undoubtedly valuable.

Figure 4. Situation Brainport Smart District
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Before we proceed to analyze the regional and local 
situation of the Brainport Smart District,
a few methodological notes are necessary

The mobility innovations and design principles 
that are suggested from the literature review are 
not location specific. A spatial analysis was done 
to investigate how the innovations and design 
principles can be applied to BSD and would affect 
the modal split.

The accessibility of destinations is investigated. The 
BSD is a suburban area which often comes with 
lower access to destinations. A spatial analysis, on 
regional level, is done to map where the different 
types of destinations of people’s daily systems are. 
In order to do so, the destinations are distinguished 
in six categories: jobs, education, shopping, sports, 
nature and leisure. These categories are plotted on 
the regional transit and bicycle network, making use 
of maps from Hermes, BRO, SRE, ZOslimbereikbaar 
and Google. Extra data is used to predict acceptable 
distances for the accessibility by foot or bike. The 
weighted averages of KiM’s cumulative shares of 
movements by foot/ bike/ e-bike, of distances till 
30 km in The Netherlands are used. This should 
give a good estimation of the distance that the 
majority of Dutch people is willing to walk/ bike to 
certain destinations. An extensive explanation on 
how KiM’s data is used to determine the desirable 
walking distances can be found in Appendix A.

An analysis is done on the spatial context of the 
BSD site. Maps from Kaarten Brabant, Kadaster, 
Google and the original masterplan are used to 
gain insights in the spatial situation of the BSD. This 
helps to determine where should be built and how 
to connect to existing local infrastructures.

According to the literature, socio-demograpics 
are related to modal choice. The BSD wants to 
become an inclusive district for all types of social-
demographic groups.  This is related to the kind 
of living environment that will be created. An 
analysis is done to find out which kind of living 
environments will attract which kind of residents. 
Then, a more precise prediction can be done on 
which living environment should be created and 
which considerations the future residents will have 
for modal choice. Studies from Waalre, Rotterdam, 
Amsterdam and ABF Research are used.

The literature suggests that a car-free district 
with built parking facilities would contribute to 
a more sustainable modal split. To find out how 
many parking spots these facilities would need, a 
calculation based on reference projects is done. 
Information from Freiburg-Vauban, the municipality 
of Arnhem and CROW are used to complete this 
calculation.

A FEW NOTES ON METHODS
Regional accessibility
According to the municipality of Helmond, 80% of 
people living in Helmond work in the region and 
80% of the people who work in Helmond live in the 
region. Thus, it is assumable that most of the people 
living in the BSD will work within the region and 
the other way around. Job centers are quite spread 
out over the region (figure 5.) and most of them 
are outside acceptable (e) bike distances. Transit 
services most of the jobs centers, however the 
transit system is really monocentric and focused on 
Eindhoven. That leads to longer travel times, which 
makes transit a less attractive option.

The modal split of education of people living in 
Helmond has the highest share of sustainable 
transport modes. Main reasons are most likely due to 
the lack of driving licenses and free public transport 
for the group traveling to education. High schools 
are well reachable within the acceptable distance 
and most universities are located next to transit 
(figure 6.). The monocentric structure of transit has 
the same negative impact on the accessibility of 
these destinations as it does on the accessibility of 
the jobs centers. 

Most important shopping centers in the region are 
well accessible by public transport (figure 7.). It is 
questionable if direct public transport would have 
a large impact on the sustainable share for other 
centers such as furniture centers. The choice for a 
specific modality for that type of destination is also 
based on the load capacity.

Leisure facilities are all clustered around the cities of 
Eindhoven or Helmond. The direct train connection 
gives future residents of the BSD good access to 
those facilities.

Nature parks and sport facilities are all spread out 
over the region. However, a really diverse offer of 
those parks and sport facilities (figure 8.) are within 
acceptable (e) bike distances. A good connection 
to existing main bicycle structure would have a 
positive influence. This connection is currently 
lacking.
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Figure 8. Sport facilities
Diverse offer of sport facilities within acceptable bicycle distance

Figure 7. Shopping centers
Shopping centers well accessible by transit 

Figure 6. Education
Universities are  primarlily to be found in Eindhoven

Figure 5. Job centers
Job centers are quite spread out over the region
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Local level 
The most specific contextual elements that are 
influencing the future BSD are the lineair barriers 
in the area. Mainly the highway, the railway and, 
a bit further, the channel between Helmond and 
Eindhoven (figure 9.). These barriers are spatially 
dividing the area and have a negative impact on 
the connectivity. Besides that, the highway and 
particularly the railway cause noise and safety risks. 
Therefore, the current Brandevoort buildings are at 
least at a distance of 35 meters from the railway. A 
minimum that should count for the BSD.

Between Helmond and Eindhoven, a belt of nature 
parks is located spatially dividing both cities (figure 
10.). This zone prevents both cities of merging 
together, what might lead to losing some of 
their own identities. The parks in this zone which 
are bordering the BSD are Dak van Brabant and 
Zandbergen. Leaving the west side of the BSD site 
unbuilt and strengthen the connection between 
both parks could have a positive influence on the 
whole green zone.

According to maps of the province, the BSD site 
contains ecological corridors and compensation 
zones. The locations of these corridors and 
compensation zones are identical to the places of 
green planned in the original Brandevoort master 
plan (figure 11). Since the masterplan has not been 
finished at the Northern side of the railways, those 
green structures are not really visible. However, 
both ecological corridors and compensation zones 
have to be taken into account when designing the 
BSD.

Structures which are more visible are the historic 
ribbons (figure 12.). Those historic ribbons contain 
high quality green structures and historical 
buildings. Historic maps clearly show how the cities 
and villages in the direct surroundings of the BSD 
were connected. Nowadays, these historic ribbons 
are still largely present yet fractionated by larger and 
newer infrastructure. Part of these infrastructures 
are the A270 highway and the railway, being the 
new connections between the cities.

Eindhoven Channel

Railway Eindhoven-Helmond

Highway A270

Eindhoven Channel

Railway Eindhoven-Helmond

Highway A270

Figure 12. Historic stuctures
Most parts of historic ribbons are still noticeable

Figure 11. Ecological corridors
Multiple ecological corridors are crossing the BSD

Figure 10. Green belt
A belt of nature parks is spatially separating Helmond and Eindhoven

Figure 9. Barriers
Three linear structures create a barrier effect

The roads which are connecting the A270 to 
the existing part of Brandevoort are located in 
and directly next to the BSD site (figure 13.). The 
road located directly east of the BSD was the first 
access road of Brandevoort. After several years, 
when congestion started to become a problem, 
another road was built to connect the west side of 
Brandevoort directly to the highway. According to 
experts, this road is currently used by 8000 vehicles 
a day (TUe, 2019). Thus, both of the roads are needed 
and have to be fitted in to the BSD masterplan. The 
main access to the train is located in the southeast 
side of the BSD (figure 13.)site and is one of the 
existing physical pedestrian connections between 
Brandevoort and the BSD site. Directly North of 
the train track, the a bicycle highway between 
Eindhoven and Helmond is located. This bicycle 
high way is planned to be completed in the coming 
years.

In the direct surroundings of the BSD, a high amount 
of local facilities can be found.. Local services 
and facilities such as supermarkets, the general 
practitioner and drugstore are within desirable 
walking distance from the middle of the BSD area. For 
shopping, the desirable distance is approximately 
1,3 kilometer. The distance between the mid-point 
of the BSD and the center of Brandevoort, which is 
the location of local services and facilities, is only 
700 meter (figure 14.).
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Figure 14. Local facilities
Most the local facilities are within acceptable walking distances
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The access roads of Brandevoort will have influence on the BSD
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Demographic projections
In Dutch cities, mainly three different kind of living 
environments can be determined: urban-centers, 
urban and green-urban (ABF, 2012; table 2.). Each 
of these environments has their own characteristics 
and will attract different kinds of socio-demographic 
groups. Earlier done research investigated the 
relation between socio-demographic groups and 
their preferred living environments (SRR, 2014; 
table 3.). Thus when a certain living environment 
will be created, certain kinds of socio-demographic 
groups are likely to establish. Each of those will have 
their own considerations for modal choice. A study 
done in Waalre, a similar case to Brandevoort/ BSD, 
showed the relation between socio-demographics 
and modal choice (Müsch, 2018; table 3.).

Another large group in Brandevoort is children 
under the age of 16. Subsequently, there should be 
a focus on providing safe ways for children to reach 
different types of facilities. 

Higher educated (and often better paid) people tend 
to travel further to their work.The reason for this is 
partly due to fewer highly paid jobs in contrast to 
lower paid jobs. Moreover, higher educated people 
are more willing to travel further to work (CPB, 
2014). Modal choice for commuting is related to the 
fact that these people have to travel further to their 
work. Walking and cycling are used considerably 
less by people with higher paid jobs. The research 
from Waalre showed that wealthier people find 
comfort more important than costs (Müsch, 2018). 
Modalities should be comfortable and have a large 
range as it is expected that the level of income and 
education will be higher than average. 

The BSD aims to accommodate residents from all 
types of socio-demographic groups. This means that 
a living environment should be created that attracts 
all of these groups. Earlier done research showed 
that urban living environments in cities are the first 
or second choice for all the groups (SRR, 2014; table 
3.). Within this living environment, different socio-
demographic groups will have different motives 
to live there. For example, highly educated people 
will appreciate the close distances to facilities and 
families will enjoy the calm environment for their 
kids.

Creating an urban living environment will therefore 
be the best choice for the case of the BSD. More 
specific preferences for living environments and 
modal choice, of the different types of socio-
demographic groups, can be used to place different 
types of housing typologies on more specific 
locations in the BSD.

The outcomes of the Waalre research brought 
several interesting insights concerning the 
relation between socio-demographics and their 
considerations.

The group between 25-65 live their life in more 
hurry than people in other categories. Travel time 
and flexibility are considered as the most important 
factors among the respondents between 25 and 
65 years old. It is understandable this age category 
consist mostly out of respondents who have more 
turbulent lives (e.a. work, children) compared to the 
younger population and the retired people. Flexible 
and fast travel modes are necessary for this group 
(Müsch, 2018).

Table 2. Dutch urban living environments
Three types of living environments and their characteristics
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Parking norms
When fully built, the BSD will contain 1500 dwellings 
and 120.000m2 offices. This would mean that more 
than 5000 parking places should be realized, if the 
conventional parking norms of Helmond would 
be applied (Gemeente Helmond, 2017). The latter 
would result in an overload of existing infrastructure 
and a large use of public space. To predict the 
minimum of parking spaces needed, references are 
used. Vauban is used as a reference for the housing 
part. It is a comparable and successful suburb 
giving insights in a realistic norm for the BSD. In that 
suburb, a norm of 0,3 per household plus 0,1 
for guests is used (Freiburg-Vauban, 2019; table 
4.), resulting in 600 parking places for the BSD. 
For the office part, references of station areas 
in the Netherlands are used. Arnhem and other 
municipalities in the Netherlands use a parking 
norm of 1 car per 250 m2 (Gemeente Arnhem, 2011; 

table 4.). Applying this norm to the BSD would mean 
that 480 parking places are needed. A total of 1080 
cars would be needed. However, attendance rates 
of CROW show that office parking and housing 
parking are used on different times during day and 
week (CROW, 2008; table 4.). Therefore, 720 parking 
places for the BSD should be enough. However, the 
case of Vauban showed that to be able to reach 
such a low amount of parking, a ‘car-free’ living 
association, or a similar concept, is necessary.

Function Amount Norm

Housing

Attendance 
workday

Attendance 
evening

Attendance 
weekend

Parking spots 
needed

Guests

Offices

1500 u

120.000 m2

0,3 p/u
(reference, Vauban)

0,1 p/u
(reference, Vauban)

1 / 250 m2
(reference, Arnhem)

50%

10%

100% 5% 5%480 p

70% 80%

70%100%450 p

150 p

Parking spots needed after application attendance rates: 720 p

According to the literature, many aspects of the 
physical built environment influence people’s modal 
choice. The most interesting aspect for suburban 
districts as the BSD is destination accessibility. 
This is important since earlier studies showed that 
lower accessibility leads to more driven kilometers. 
Suburban districts often have a worse destination 
accessibility than more centrally located districts. 
The results show that, at this moment, the 
destination accessibility of the BSD is low. Many 
facilities are outside the range of a traditional bike 
and not well reachable by transit. However, the 
introductions of the speed pedelec and e-bikes 
make more facilities accessible by slow traffic. 
BRT is a relatively cheap option to create better 
connections to the existing regional transit network. 
A good transit network is important since experts 
say, even though MaaS is coming up, that transit 
should stay the core of the network to be the most 
efficient. Therefore it is recommended to connect 
the BSD well to existing slow traffic and transit 
networks (figure 15.). These better connections will 
lead to more flexibility and shorter travel times, 
which are likely to positively affect future residents’ 
modal choice.

The improvement of the connection between 
the BSD and the existing slow traffic network can 

be distinguished in two components. First, the 
future bicycle highway between Eindhoven and 
Helmond, which will be partly crossing the BSD 
site. This creates a direct slow traffic connection 
between both cities and is particularly suitable for 
speed pedelecs and e-bikes. The other component 
is making use of the still existing historic ribbons 
in the area to connect the BSD better to its direct 
surroundings neighborhoods, villages and facilities. 
These ribbons have historically always been used 
as connections between the different cities villages 
in the region and could at this moment be well 
used for walking and cycling. Along the ribbons 
many old buildings and high quality green can be 
found, contributing to the sense of place. Providing 
attractive bridges, crossings or tunnels when those 
ribbons intersect with hard barriers as highways, 
railways and canals would counteract the barrier 
feeling there. That provides the cyclist a highly 
permeable and comfortable network to reach their 
destinations, which is important since earlier studies 
showed that comfort is important for encouraging 
slow travel modes.

For a better connection to the existing transit system 
of the region, it is recommended to extend the BRT 
line 404 from Eindhoven Centre to Nuenen Centre. 
Instead of Nuenen Centre as the final destination, 

Nuenen Automotive

IMPLICATIONS FOR DESIGN

Table 4. Parking spots calculation

Figure 15. Regional design implications 
Better regional connections

BRT Eindhoven 
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the 404 will stop at Brandevoort station and have 
as final destination the Automotive Campus. The 
extension will have three main advantages: BSD 
residents will have direct transit access to facilities in 
North of Eindhoven, residents of Nuenen have fast 
access to train services and campuses in Helmond / 
the North of Eindhoven will be directly connected 
to each other and Eindhoven airport. 

A transit mode which is already available for the
future BSD residents is the train. It is highly 
recommended to create a high density and 
walkable district around the station (figure 16.) 
to give residents good access to transit and make 
the train service more effective. According to the 
Dutch Railways (NS), the highest potential of a 
train station is within a radius of 500 meter. When 
building in the same density as Brandevoort (45-55 
units per ha) or higher, all 1500 dwellings would fit 
in the first 500 meter from the station. Fitting the 
entire BSD program within the radius of 500 meter 
of Brandevoort station (figure 16) would have an 
extra advantage. The west side of the BSD is part of 
a green belt separating Eindhoven and Helmond, 
which could stay unbuilt and even be strengthened. 

The BSD wants to be an inclusive district that 
attracts all types of social-demographic groups, 

which is a challenge on this  specific location. 
The combination of different types of social-
demographic groups, a suburban context and 
high density development asks for a new kind of 
living environment. Earlier research showed that 
an urban living environment is the most or second 
favorite choice for every social-demographic 
group. Urban living environments are often high-
density and human-scaled and are popular since 
they are often a calm place to live, close to facilities 
and characteristic. Therefore it is advisable to 
use the urban living environment as a base for 
the development of the district. Since the BSD is 
located in a suburban context, facilities will not be 
as close as in other urban environments. The lack of 
close facilities makes creating a mixed use district 
that is connected to its surroundings even more 
important. Urban environments are also known for 
their relatively small amount of green. According 
to the literature, a car free district stimulates its 
residents to use more sustainable modalities via 
demand management. Therefore, it would be 
recommendable to create a car-free district and 
use the freed up space to create more green. The 
combination of a high density, human scaled, green, 
car-free and well-connected district will lead to a 
wide range of residents which are likely to choose 
for more sustainable modalities.

Dak van Brabant

Zandbergen

Eindhoven Channel

Railway Eindhoven-Helmond

Highway A270

Mierlo

Helmond

Helmond

Nuenen

Eindhoven

Geldrop

Present-day mobility comes with several 
sustainability problems and challenges. Many 
of these challenges occur also in the region of 
the Brainport Smart District (BSD), the case in 
this research. Considering the BSD wants to be 
the smartest district in the world and make its 
inhabitants the most mobile people in the world, 
the aim of this research was to investigate how 
a suburban ‘smart’ district could encourage its 
inhabitants to increase the share of sustainable 
mobility in the modal split. The ‘Transport land use 
feedback-cycle’ showed that mobility innovations 
could be used directly to increase the sustainability 
in the modal split, while the spatial planning of 
the future BSD could indirectly contribute to more 
sustainable mobility (Wegener & Fürst, 1999; 
adapted by Bertolini, 2012).

To become the district which stimulates its 
inhabitants to use more sustainable modalities, 
multiple mobility innovations and design principles 
should be adapted.  Implementations of those 
innovations and design principles are mostly 
location related. For the BSD on a regional level, 
a direct connection to Eindhoven’s BRT system 
and better connections to the regional slow traffic 
network should have the priority. Shared electric 
cars are replacing traditional cars to provide access 
to destinations which are hardly accessible by 
transit or slow traffic. Using the historic ribbons for 
the connections to the regional slow traffic network 
has several advantages. It provides comfortable 
and high permeable routes which at the same time 
decrease the feeling barrier effect, created by BSD’s 
adjacent highway and railway. Within the BSD site, 
only the plot between the Brandevoort Park and 
the railway should be built. High density, mixed 
land use, human scale and high street connectivity 
should play a central role in developing the BSD on 
this plot, resulting in a walkable district which is also 
well accessible by transit. Leading to a suburban 
‘smart’ district which has the highest share of 
sustainable mobility in the world.

CONCLUSION

Figure 16. Local design implications
Compact high density & transit oriented development

Built-up area
Compensation green 
Quality green
Bicycle path

Access roads
Train
BRT proposal
Bicycle proposal 
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In the coming part of the thesis, the design for the 
BSD district will be explained. The design is based 
on the design principles, results and implications 
for design, obtained from the research part.

As first, the original master plan of UN studio is 
reviewed on the outcomes of the research part. 
Figures 17 t/m 20 show why it is unlikely that the 
original UN studio master plan will provide a more 
sustainable modal split. Therefore, a new design is 
proposed. 

Followed up by figures 21 and 22, which show 
the new design proposal. Historic ribbons should 
better connect the BSD to its direct surroundings 
and decrease the barrier effect of adjacent 
infrastructures. The whole BSD program is located 
within the inside of the Brandevoort park, resulting 
in good transit access and better walkability. Table 
5 shows which kind of living environment is desired 
to be able to create a high density suburban district 
which attracts all kinds of socio-demographic 
groups. 

The design of the district exists of four main 
elements, explained by figures 23 t/m 34. The 
elements are linked to the design principles from 
the research part and will together create a living 
environment where all types of socio-demographic 
groups are likely to establish.

Figure 35 shows in detail the rules for the building 
blocks. The 3D section shows rules related to 
building heights and ownership. The drawings 
that follow (figure 36 t/m 41) show, by the use of 
an axonometric view, the location of different 
types of housing typologies, offices and facilities 
in the future district. The last axonometric view 
(figure 42) shows the complete master plan and its 
highlights. It shows the different pieces of district 
which will, when combined, provide a suburb with 
a more sustainable modal split and pleasant living 
environment for everybody.

INTRODUCTION
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UN STUDIO MASTER PLAN REVIEW
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Figure 17. Extensive low density
The average density of the built-up part of the UN Studio master plan is 25 u/ ha

This is way less than the existing Brandevoort center (55 u /ha)
Residual space is almost completely used for green and private gardens

An environment which is often related to middle and upper class families

Figure 18. Land-use not well mixed
Most of the BSD will be housing and offices

Culture, leisure and shopping can only be found in the most eastern part and Brandevoort
This leads to large walking distances to daily local facilities

Figure 20. Isolated district
The UN Studio master plan is strongly focused on the two hubs (parking  & station)

An autonomous shuttle brings residents to both hubs
However, good slow traffic connections to the surroundings are lacking

Figure 19. Transit access not optimal
Only 49% of the dwellings in the masterplan are within the first 500m from the station

77% of the dwellings are within 1000m
(A train station becomes half as attractive every 500 meter)

Central park
Agricultural green
Green on mainly private plots

Offices
Offices & housing
Offices, housing & culture

Access roads
Autonomous shuttle
Slow traffic infra
Parking hub
Train station

Train station
Kringentheory 
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DESIGN PROPOSAL

500 m

Excellent facility access

Dense urban base
(50+ u/ ha)

Green & quality spaces

- Released ‘car space’ is used to create 
green & quality spaces

- Existing green & tree structures are 
used as much as possible

- Mixed use development and good 
regional connections are important 

since a close city center is lacking

- Urban living environments are a 
popular choice for every socio-

demographic group 

LIVING ENVIRONMENT

- Using urban blocks will lead to an 
human scale and high density district 
which fits almost every housing type

+ +
Figure 21. Historic ribbons as improved connections

Barrier effect of existing main infrastructure will decrease
Local facilities / regional slow traffic network will become better accessible

Figure 22. Smaller, transit oriented, built-up site
High density, and car-free, area within Brandevoort Park

Good walkability and access to transit
West side of BSD site is used to strengthen green belt

Table 5. Proposed living environment
The urban living environment should be used as the base of the BSD district
This base is strenghtened with green & quality spaces and is well connected

Which will result in an attractive living environment for everybody

Built-up site
High-quality green spaces
Space for future developments

Brandevoort park
Historic ribbons
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DESIGN ELEMENTS Historic ribbons

Highway A270

- Existing high quality trees and historical 
buildings strengthen the sense of place

- The historic ribbons connect the BSD to 
surrounding neighborhoods and facilities

- Highly permeable and comfortable routes 
for slow traffic 

- The historic ribbons function as hotspots 
for mixed use development; housing, cafes, 
offices, workshops etc.

36 meter 10 meter 20 meter

Figure 23. Historic ribbons
1 : 5000

Figure 24. Street profile historic ribbons
The street scene is mainly dominated by the bicycle road, guided by historic tree structures

Pavements directly next to the facades provide interaction with  offices and workshops
Electric vehicles only are allowed during delivery windows (in consultation with residents )

Figure 25. Impression historic ribbons
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DESIGN ELEMENTS Green transit boulevards
- The boulevards connect the BSD to 
surrounding neighborhoods and facilities

- Highly green, permeable and comfortable 
boulevards for transit and slow traffic 

- Good access to Eindhoven’s BRT system is 
provided

Highway A270

36 meter 10 meter 20 meter

Figure 26. Green transit boulevards
1 : 5000

Figure 28. Impression green transit boulevard

Figure 27. Street profile historic ribbon
Highly permeable and comfortable bicycle and bus routes in a green  environment

Adjacent buildings are at least 4  levels
The buildings and added trees should provide a human scale environment
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Highway A270

- Longer distance from door to car will 
encourage other modalities
- Use released space to create green quality 
spaces

- Building blocks are not larger than 50 x 70 
meter, giving pedestrians multiple routes

DESIGN ELEMENTS Urban grid 

- The building blocks in relation to the width 
of the street profile lead to a human scale

- The grid provides a base for urban low-rise 
high-density developments

36 meter 10 meter 20 meter

Figure 30. Street profile living street
A shared space for pedestrians and bicycles

Released ‘car space’ is used to create a more green street profile
A small stroke in front of the housing will be owned and maintained by the residents

Figure 29. Urban grid
1 : 5000

Figure 31. Impression living street
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DESIGN ELEMENTS Feel the BSD route
- The route provides shorts cuts which give 
pedestrians more options in walking routes

- The route as a whole should give a good 
impression about the district’s identity 

Highway A270

Parking Parks Schools

Bicycle parking

Train station

Historic buildings

Community gardens

Figure 33. Concept ‘Feel the BSD route’
The route is a chain of short cuts between the highlights of the BSD

As a whole,  it is a co-created route which let visitors experience the identity of the BSD
The route exists of a combination of open and closed green spaces

Figure 32. Feel the BSD route
1 : 5000

Figure 34. Impression semi-private courtyard
Divergent corner building architecture visually supports route
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BLOCK RULES
- These block rules are defined to ensure the spatial quality and 
consistency within the urban grid
- The rules are mainly related to building heights and ownership

Figure 35. Block rules

Highway A270

Up to 5 levels
Closed side - train noise

70 m

55 m

Closed blocks
Private

Divergent architecture
Strenghten Feel the BSD route

The BSD layer 
Base layer urban blocks - 3 levels

Accents up to 4 levels shadow study
Buildings in direct context - min. 1 hour sun per day

Corner accents
Up to 6 levelsMin. 4 level buildings

Located next to parks/ lanes

Public parks and places
Open, maintained by municipality

Semi-private blocks Feel the BSD route
Open, maintained privately

Rooftop gardens
Private
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RESIDENTS & HOUSING TYPES 55+
- The introduction of the e-bike led to an 
increase of bike usage under elderly 
- The historic ribbons provide great bicycle 
access to near facilities

Figure 36. Housing typologies 55+

- This group prefers to live close to 
neighborhood centers
- Housing for this group is located relatively 
close to the places of activity (historic ribbons)

RESIDENTS & HOUSING TYPES Highly educated young people (students / starters)
- Brandevoort - Helmond 6 min
- Brandevoort - Eindhoven 7 min
- Brandevoort - Strijp-S 19 min

Figure 37. Housing typologies highly educated 
young people

- Small apartments and studios suited for 
urban lifestyles
- Located between the central park and 
Brandevoort station

Care homes 50 u

Large apartments 200 units

Studios 250 u

Small apartments 200 u

Brandevoort Station
Train, BRT, MaaS
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RESIDENTS & HOUSING TYPES Low-income families & vocationally educated young people 

Figure 38. Housing typologies low-income families 
& vocationally educated young people 

- Related housing types are located in the 
calm places of the district

RESIDENTS & HOUSING TYPES Middle & upper class families

Figure 39. Housing typologies middle & 
upper class families 

- Most of the housing for this group is located 
close or next to the parks
- Not only conventional terraced housing 
typologies as family housing

- Higher paid jobs is often related to a larger 
commuting distance
- The need of a car is likely to be higher, 
housing is close to the parking

Small apartments 70 u

Combined housing 200 u

Terraced housing 300 u

Large apartments 100 u

Back to back housing 50 u
Urban villas 80 u

Car parking
420 p + 300 p
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OFFICES

Figure 40. Office typologies

- Large offices are located along the railway, 
which provides good interregional access.

- Mid size office buildings are located along 
the ribbons, which leads to great regional 
access.

- Parking norm for offices is low (1:250)
- Policy: car leasing will be combined with 
car-sharing during office hours

FACILITIES

Figure 41. Facilities 

- The district’s facilities are located along the 
historic ribbons and boulevards, which leads 
to great access for BSD residents and visitors

- The train station and parking hubs are also 
connected to the slow traffic system to make 
switching modalities easy and comfortable

Tall office buildings 80.000 m2
Blocking the noise of the train

Shared offices 7.500 m2
Startups, meetings etc.

Mid size office buildings 32.500 m2
Max. 3 levels in respect to historic ribbons

Car parking
420 p

Train station
Train, BRT, MaaS

Fruit garden & local super market
Place where local BSD products are sold

Cafes and restaurants
Historic touch and local kitchens

Carolus Borromeus
Existing high school

Transit hub facilities
Coffee bar, parcels etc.

Primary school

Health center
50 care homes
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HIGHLIGHTS

Figure 42. Master plan

New connection
To Brandevoort

Brandevoort Park

Bicycle library
Central point for SUM

Car parking
Shared BEV point

Historic ribbons
Places of activity

Central Park
Location consists of many existing trees

Feel the BSD

Bicycle parking
Supervised

Brandevoort Station
Train, BRT, MaaS



54 55

ABF. (2012). ABF Woonmilieutypologie

Albino, V., Berardi, U., & Dangelico R.M. (2015). 
Smart Cities: Definitions, Dimensions, Performance, 
and Initiatives. Journal of Urban Technology. Vol 22 
No.1. 3-21

Atlas leefomgeving. (2016). Retrieved from 
https://www.atlasleefomgeving.nl/kaarten
Basso, K.H. (1996). Wisdom sits in places: Notes on 
a Western Apache landscape. In Feld, S. and Basso, 
K.H. Senses of place. 53-90

Bertolini, L. (2012). Integrating mobility and urban 
development agendas: A manifesto. Disp – The 
Planning Review. 48. 16-26

Bertolini, L. (2017). Planning the mobile 
metropolis. Transport for people, places and the 
planet. 

BMW. (2019). the path to autonomous driving. 
Retrieved from: https://www.bmw.com/en/
automotive-life/autonomous-driving.html

Bovag. (2018). Verkeersregels hinderen doorbraak 
speed pedelec. Retrieved from:https://www.bovag.
nl/nieuws/verkeersregels-hinderen-doorbraak-
speed-pedelec

Brainport. (2018). Brainport nationale actieagenda

Brainport. (2019). Samen maken we de toekomst. 
Retrieved from https://www.brainport.nl/over-
brainport/het-verhaal-van-brainport

Brainport Smart District. (2018). Nota 
Publiekrechtelijke kaders en Uitgangspunten 
Brainport Smart District.

BRO. (2015). Detailhandelsvisie Stedelijk Gebied 
Eindhoven.

Broadus, A. (2016). Tale of Two Ecosuburbs in 
Freiburg, Germany. Transportation Research 
Record: Journal of the Transportation Research 
Board. 2187. 114-122

Cairns, S., Behrendt, F., Raffo, D., Beaumont, 
C., & Kiefer, C. (2017) Electrically-assisted 
bikes: Potential impacts on travel behaviour. 
Transportation Research. 103. 327-342

CBS. (2016). Nederland telt 17 miljoen inwoners. 
Retrieved from https://www.cbs.nl/nl-nl/
nieuws/2016/12/nederland-telt-17-miljoen-
inwoners

CBS. (2018). Prognose 18 miljoen inwoners in 
2029. Retrieved from https://www.cbs.nl/nl-nl/
nieuws/2018/51/prognose-18-miljoen-inwoners-
in-2029

CBS. (2018). Risico op vervoersarmoede

CBS. (2018). Verkeersdoden per provincie

CBS. (2018). Wederom bovengemiddelde 
economische groei Eindhoven. Retrieved from 
https://www.cbs.nl/nl-nl/nieuws/2018/27/
wederom-bovengemiddelde-economische-groei-
eindhoven

CBS. (2019). CBS in uw buurt. Retrieved from 
https://cbsinuwbuurt.nl/

CBS. (2019). What is sustainability? Retrieved from 
https://www.cbs.nl/nl-nl/faq/specifiek/what-is-
sustainability-

Cobis, N. (2003). The impact of car-free housing 
districts on
Mobility behaviour - case study. Transactions on 
Ecology and the Environment. Vol 67

CROW. (2004). ASVV
CROW. (2008). Parkeerkencijfers - basis voor 
parkeernormering 2008. Publication 182.

Dell’Olio, L., Ibeas, A., & Cecin, P. (2011). The 
quality of service desired by public transport users. 
Transport Policy. 18. 217-227.

De Zeeuw, F., & Drost, R. (2016) Hoogopgeleide 
jongeren willen grootstedelijk wonen, de rest niet. 
Retrieved from: https://www.gebiedsontwikkeling.
nu/artikelen/hoogopgeleide-jongeren-willen-
grootstedelijk-wonen-de-rest-niet/

Dittmar, H., & Ohland, G. (2004) The New 
Transit Town. Best Practices in Transit-Oriented 
Development. 

Duduta, N., Adriazola, C., Hidalgo, D., Lindau, 
L., & Jaffe, R. (2012). Understanding Road Safety 
Impact of High-Performance Bus Rapid Transit and 
Busway Design Features. Transportation Research 
Record Journal of the Transportation Research 
Board. 2317. 8-14 

Ewing, R., & Cervero, R. (2010). Travel and the 
Built Environment: A Meta-Analysis. Journal of the 
American Planning Association. Vol 76, no 3 (2010). 
265-294.

Gemeente Arnhem. (2011). Beleidsregels 
voor toepassing van artikel 2.5.30 van de 
Bouwverordening gemeente Arnhem 2003.

Gemeente Eindhoven. (2017). Brochure 
Eindhoven Internationale Knoop XL

Gemeente Helmond. (2008). Totstandkoming 
Brandevoort. 

Gemeente Helmond. (2012). Verkeer en vervoer 
Helmond.

Gemeente Helmond. (2016). Hoe staat Helmond 
er anno 2016 voor?

Gemeente Helmond. (2017). Beleidsregel 
parkeernormen Helmond 2017. Retrieved from: 
https://zoek.officielebekendmakingen.nl/gmb-
2017-21541.html

Google Maps. (2010). Retrieved from: https://
maps.google.com

Fitzsimons D’Arcy, L. (2013). A multidisciplinary 
examination of walkability: Its concept, 
measurement and applicability (Doctoral 
dissertation, Dublin City University)

Freiburg-Vauban. (2019). Retrieved from: https://
freiburg-vauban.de/en/traffic/

Handy, S.L., Boarnet, M.G., Ewing, R., & 
Killingsworth R.E. (2002) How the Built 
Environment Affects Physical Activity. American 
Journal of Preventive Medicine. 23. 64-73

Hermes. (2018). Lijnenkaart Zuid-Oost Brabant 
2019

Höjer, M., & Wangel, J. (2014). Smart Sustainable 
Cities: Definition and Challenges. ICT 
Innovations for Sustainability. 333-349

Jacobs, J.(1961). The Death and Life of Great 
American Cities

Kadaster. (2019). Topotijdreis. retrieved from: 
https://www.topotijdreis.nl/

Karlsson, M.I.C., Sochor, J., & Strömberg, H. 
(2016). Developing the ‘Service’ in Mobility as 
a Service: experiences from a field trial of an 
innovative travel brokerage. Transport Research 
Procedia. 14. 3265-3273

KiM. (2015). Fietsen en lopen: de smeerolie van 
onze mobiliteit.

KiM. (2015). Uitwisseling gebruikersgroepen ‘auto-
ov’.

KiM. (2018). Mobiliteitsbeeld 2017

Lam, D., & Head, P. (2012).  Sustainable Urban 
Mobility. Energy, Transport, & the Environment 
Addressing the Sustainable Mobility Paradigm.



56 57

Limtanakool, N., Dijst, M., & Schwanen, T. (2005). 
The influence of socioeconomic characteristics, 
land use and travel time considerations on mode 
choice for medium- and longer-distance trips. 
Journal of Transport Geography. 14. 327-341

Ministerie BZK. (2019) Woondeal BZK-Stedelijke 
gebied Eindhoven-provincie Noord-Brabant
Ministerie van Infrastructuur en Waterstaat. (2017) 
Welke regels gelden voor mijn elektrische fiets 
(e-bike)?

Ministerium für Verkehr Baden-
Württemberg. (2018) Freiburg ist im Land am 
umweltfreundlichsten mobil. Retrieved from 
https://vm.baden-wuerttemberg.de/de/service/
presse/pressemitteilung/pid/freiburg-ist-im-land-
am-umweltfreundlichsten-mobil

Mobiliteitsalliantie. (2019) Deltaplan 2030 hoog 
tijd voor mobiliteit

MRE. (2018). Samenvatting ‘Verkennende studie 
Bundelroutes Zuidoost-Brabant: resultaten en 
vervolg’.

Meyer, M.D. (1999). Demand management as an 
element of transportation policy: using carrots and 
sticks to influence travel behaviour.

Müsch, M., Reijnders, D., & van der Logt, E. 
(2018). Waalre Future Connections
improving liveability and mobility.

Nikitas, A., Kougias, I., Alyavina, E., & 
Tchouamou., E.N. (2017). How Can Autonomous 
and Connected Vehicles, Electromobility, BRT, 
Hyperloop, Shared Use Mobility and Mobility-As-A-
Service Shape Transport Futures for the Context of 
Smart Cities?. Urban Science. Vol 1. 36

NRC. (2018). Voor het eerst meer doden op 
de fiets dan in de auto. https://www.nrc.nl/
nieuws/2018/04/25/voor-het-eerst-meer-doden-
op-fiets-dan-in-auto-a1600732

OVMagazine. (2019). ‘Ov moet de ruggengraat 
blijven’. Retrieved from https://www.ovmagazine.
nl/2019/05/maas-wordt-een-aanvulling-ov-blijft-
de-ruggengraat-1507/

PBL. (2012). Elektrisch rijden in 2050: gevolgen 
voor de leefomgeving. Beleidsstudies.
PBL. (2019). Scenario’s voor stedelijke 
ontwikkeling, infrastructuur en mobiliteit

Province of North Brabant. (2017). Bewegend 
perspectief.

Province of North Brabant. (2019). Kaarten van 
de Provincie Noord-Brabant. Retrieved from: 
https://kaarten.brabant.nl/

PTB Group. (2019). The Oslo Study - How 
autonomous cars may change transport in cities.

Pucher, J., & Clorer, S. (1992). Taming the 
automobile in Germany. Transportation quarterly. 
386

RAI, Bovag, GfK. (2018). Fietsen in de statistiek 
2011 - 2018 Nederland.

Santos, G., Maoh, H., Potoglou, D., & Brunn, 
T. (2013). Factors Influencing Modal Split of 
Commuting Journeys in Medium-size European 
Cities. Journal of Transport Geography. 30. 127 - 
137

Schiller, P.L., & Kenworthy J.R. (2018). An 
introduction to sustainable transportation.

Schoon, C.C., & Huijskens, C.G. (2011), 
Verkeersveiligheidsconsequenties elektrisch 
aangedreven voertuigen. SWOV-rapport R-2011-11

SRE. (2008). Regionale Fietsnet met Sternet. 

Stadt Freiburg. (2019). Die Freiburger 
Verkehrskonzeption. Retrieved from https://www.
freiburg.de/pb/231648.html

Suzuki, H., Cervero, R., & Iuchi, K. (2013). 
Transforming cities with transit. Urban 
development series. 

The World Bank. (2018) Population density 
(people per sq. km of land area). Retrieved from 
https://data.worldbank.org/indicator/EN.POP.
DNST?most_recent_value_desc=true
Townsend, A. (2014) Re-Programming Mobility

TUe. (2019). Workshop Mobility. Expert meeting. 
Experts from TUe, municipalities and companies.

UN (2018) 2018 Revision of World Urbanization 
Prospects. Retrieved from https://www.un.org/
development/desa/publications/2018-revision-of-
world-urbanization-prospects.html

Van der Bijl, F., Veger, J., & Slebos, C. (2010). HOV 
op loopafstand: het invloedsgebied van HOV-
haltes

VROM. (1993) Vierde Nota Ruimelijke Ordening 
Extra

ZOslimbereikbaar. (2019). Retrieved from: https://
zoslimbereikbaar.nl/

Wegener, M., & Fürst, F. (1999). Land-use 
transport interaction: State of the art. Deliverable 
D2a of the project TRANSLAND (integration of 
transport and land use planning).

World Bank. (2014). Formulation a Urban 
Transport Policy. P. 23

Table 2.

Table 5.

Figure 1. 

Figure 35. 

Figure 36. 

Figure 37. 

Figure 38.

Figure 39. 

Figure 40. 

Figure 41. 

Figure 42.

TABLES & FIGURES
1. Google maps
2. Google maps
3. Google maps

1. Google maps
2. Jeroen Musch
3. Amvest

1. Wegener & Fürst

1. Martijn Koch
2. Era Contour
3. Buro Sant en Co

1. Struyk Verwo
2. Stijn Poelstra

1. Verschuren interieurbouw
2. Roos Aldershoff

1. Peter Barber Architects
2. Roos Aldershoff

1. Stijn Poelstra
2. KCAP
3. DAT Tilburg
4. Oozo 

1. In Keun Ryoo
2. CreatAR Images
3. Property NL

1. Philips Fruittuin
2. De Boerenschuur
3. Algra Feenstra
4. Van de Ven
5. Van Woesik Elektro
6. Lianne Bongers

1.  Zwart & Jansma Architecten
2. Jer70
3. Rita van Biesbergen
4. Eetcafe De Boerderij
5. Oozo



58 59

KiM (Dutch Knowledge institute Mobility). (2015). Fietsen en lopen: de smeerolie van onze mobiliteit

The data in the table above is showing the cumulative share of movements done by walking (lopen), 
bike (fiets) or e-bike (e-fiets) for distances until 30 km. The outcomes were subdivided for different several 
different travel motives: commuting (woon-werk), shopping (winkelen), education (onderwijs) and leisure 
(vrije tijd). To be able to predict desirable distances for walking, cycling and e-cycling, the weighted 
averages of the modalities per motive are used. Outcomes of these averages are shown in the figures 
below. These outcomes were used in the research to map whether certain destinations are within desired 
distances.
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